In the preceding paper a description has been given of the mitosis-stimulating effects of starch and of oestrone. Preliminary arguments have been advanced which suggest that the modes of action are not identical, although, by a mobilization of sugar and glycogen, oestrone may be assisted in its action by the starch effect. In the present paper an attempt is made to distinguish further between the mi t osi s-st i mul at i ng actions of these two substances.
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In the course of the investigation it became obvious that the epidermal mitosis rate of the female mouse differs markedly from that of the male, and an analysis of this related point is also included.
MATERIAL AND METHODS
The animals used were all adults of the Kreyberg's white label and Strong's CBA strains, and no obvious differences were found between them. The details of the methods of feeding, heating and lighting are given in a paper by Bullough [1946] in which are also described the vaginal smear technique, the oestrone injection technique, the earclip technique, and the method of estimating the epidermal mitosis rate. In the course of the present experiments colchicine was also used in conjunction with the earclip technique.
OBSERVATIONS
The action of starch In studying the mitogenic effect of starch injections, it was an advantage to use mice which were in the first day of dioestrus, since at this time the mitotic activity of the whole body is at a minimum [Bullough, 1946] . In Table 1 and Fig. 1 are recorded the details of the changes in the epidermal mitosis rate of ten control mice which were untreated, and of ten mice which each received a subcutaneous injection of 20 mg. starch dissolved in 0-4 ml. normal saline. The injection was given at 10.00 hr. when the first earclips were also removed. Further clips were taken at hourly intervals until 16.00 hr. This 6 hr. period covered the waking time about 10.00 hr., when the animals were accustomed to being fed, and the resting time about 14.00 hr., when they were normally asleep.
The results show that a pronounced reaction to the starch injection had already developed after only 2 hr. The maximum response appeared after 3 hr., and the mitosis rate continued above normal until the end of the experiment. A comparison of the peak figures at 13.00 hr. indicates that the starch caused an approximate doubling of the mitosis rate, a conclusion which is supported by a comparison of the figures for the total numbers of mitoses observed. The results for the control mice show that the actual number of mitoses involved in the rise to maximum activity at the time of the afternoon rest was about 4-7. Thus the total figure of 14-7 mitoses observed in given in Table 1 is about three times too high. Again it is evident that each mitosis took between 2 and 3 hr. to be completed.
From comparisons between all these figures the conclusion emerges that while starch increases the number of mitoses which develop in a given period, it has no effect on the speed at which each division is completed.
The action of oestrone A description has already been given of the mitotic activity of the ear epidermis of control mice during the first day of dioestrus. To test the effect of oestrone, other mice taken on this day were each given a subcutaneous injection of 0-025 mg. oestrone at 10.00 hr. As before, earclips were at 10.00 hr. and at hourly intervals until 16.00 hr. The results are given below in Table 3 and Fig. 2 .
Evidently the oestrone exerted a mitogenic effect, but the response was slow in developing. The first sign of increased mitotic activity was not evident until 4 hr. after the injection, and not until 5 hr. had passed was the increase significant. A comparison with Table 1 shows that the action of the oestrone was slower than that of the starch, and· also suggests that it was less powerful. The experiment was then repeated using colchicine in order to check the question of the speed of mitosis. As before, all the animals were injected with 0-1 mg. colchicine at 10.00 hr. when the first earclips were taken and when the experimental animals received their injections of oestrone. The results are recorded in Table 4 These figures confirm the relative slowness of the mitogenic action of oestrone. As in Table 3 , the rate of cell division in the oestrone-injected mice showed no real advance over that of the controls until 5 hr. after the injections.
However The combined actions of starch and oestrone It is already known from earlier results [Bullough, 19496] that 20 mg. starch injected subcutaneously is the optimum dose for stimulating epidermal mitosis. Any larger dose results in the production of fewer mitoses, and the only way so far dis¬ covered of increasing the mitogenic action of 20 mg. starch is by the coincident injection of some 10 mg. disodium hydrogen phosphate [Bullough, 1949a, 6] . It follows that if the mitogenic action of oestrone is achieved merely through a mobiliza¬ tion of the sugar and glycogen of the body, it is improbable that the combined action of starch and oestrone will be any greater than that of either of them alone. If, however, they stimulate mitosis in different ways it is possible that their actions may reinforce each other.
To test this point, mice were injected with 20 mg. starch together with 0-025 mg. oestrone at 10.00 hr., and the results are shown in Table 5 and Fig. 3 .
As with the starch alone (Table 1) , some stimulation was achieved after only 2 hr. After 4 hr. it appeared that the effect of the oestrone began to develop, and after 5 hr. the maximum figure was reached. A comparison between this figure and that which might have been expected if the effects of the starch and oestrone had fully reinforced each other is given in Table 6 .
This shows that the stimulus obtained by the combined actions of starch and oestrone was less than might have been expected. However, it must be remembered from Tables 1 and 3 that with starch the epidermis reacted quickly to a mitosis peak at 13.00 hr., while with oestrone the peak was not reached until 15.00 hr. Thus if the actions of the two substances remained separate they could not be expected to reinforce each other fully.
The experiment was then repeated using colchicine, and the results are shown in Table 7 and Fig. 3 . As in the earlier experiments the starch effect was evident by 12.00 hr. About 13.00 hr. the rate of increase in the number of mitoses in the experimental mice slackened, and then after 14.00 hr., with the development of the oestrone effect, the rate of increase was again rapid. An analysis of the data from this table, and from  Tables 2 and 4 , is given below in Table 8 . In this case the figure expected for the combined stimulation approximates closely to that which was actually obtained. Evidently the activity induced by the starch was arrested by the colchicine so that the activity which was induced later by the oestrone could be added to it.
The conclusion may now be drawn that starch and oestrone act independently of each other, and that in all probability they stimulate mitosis in different ways. Starch acts quickly and increases the number of mitoses without affecting their speed ; oestrone acts more slowly and increases both the number of mitoses and their speed ; and when used together their effects are additive.
Mitosis in males and females From this conclusion regarding the mitogenic action of oestrone a possible explana¬ tion emerges for the curious differences which have been observed between the epidermal mitosis rates of male and female mice. In the male there is no reproductive cycle, and the only mitosis rhythm in the ear epidermis is that associated with the alternating periods of sleeping and waking. This diurnal cycle is similar day by day, and the maximum number of mitoses observed at any one time per centimetre length of sections cut 7 µ thick is about 8 [Bullough, 1948 [Bullough, , 1949c . From the preceding paper [Bullough, 1949c] , it is evident that in the female mouse this maximum figure varies, according to the stage of the oestrous cycle, from about 3-5 to about 7. On the average, therefore, it appears that the epidermal mitosis rate of the male mouse may be as much as twice that of the female. This is a surprising conclusion, since pre¬ sumably the need for cell replacement is about the same in both sexes. If, however, under the influence of oestrone, the mitoses are completed more quickly in the female than they are in the male, then the differences observed between the sexes may be more apparent than real.
It has already been shown, from a comparison between Tables 1 and 2 , that cell division in the female is a slow process during the first day of dioestrus. At that time a division takes more than 2 hr. to be completed. For comparison, similar observa¬ tions, with and without the use of colchicine, were made on mice in early oestrus when the mitosis rate is normally high. The results are given in Table 9 and Fig. 4 . From the figures for the colchicine-injected mice it can be concluded that the actual number of mitoses occurring per unit section length of ear epidermis during the afternoon sleep period is about 10. However, without the use of colchicine some
The evidence therefore suggests that in the normal male, as in a female during the 1st day of dioestrus, an epidermal cell takes between 2 and 3 hr. to divide, while in a female in early oestrus it takes less than 1 hr. Consequently it can be assumed that, on the average, the mitotic activity of the male is not greater than that of the female, and indeed the reverse may even be the case.
DISCUSSION
The mitogenic action of starch With these results in mind it is now possible to arrive at a more detailed conception of the action of starch on cell division. It has already been shown that sugar lack depresses mitosis [Bullough, 19496] . However, in conditions of sudden acute hypoglycaemia induced by insulin all those divisions which have already reached the prophase are completed normally, and the same phenomenon is seen in ischaemic shock [Bullough & Green, 1949] . The later absence of mitoses is due to the prevention of any more resting cells from entering into division.
Thus it appears that sugar primarily affects the transition from the interphase to the prophase. In conditions of sugar lack fewer cells enter the prophase, but those which do so complete their division at about the normal speed. Conversely, it is also known that, with an abundance of sugar, a greater number of resting cells are stimulated to divide [Bullough, 1949c] , and that here too the time of division remains normal. The conclusion seems justified that, within wide limits, the number of resting cells which enter the prophase is in direct proportion to the sugar concentration, while for the completion of these divisions sugar is much less important.
The theory has already been put forward that the function of the sugar is to supply the energy needed for mitosis [Bullough, 19496] , and, if this is correct, it is now evident that this extra energy is required only at the beginning of the process. There is great divergence of opinion among those who have attempted to measure the energy requirements of cell division [see Zeuthen, 1946] , but it is interesting to notice here that both Runnström [1934] and Brächet [1934 , 6] It is interesting to speculate on the possible use to which so much energy might be put, and the work of Ris [1947] may furnish a clue. This has shown that, while the total mass of the chromosomes remains constant at all other times, it is doubled during the prophase. This sudden doubling of the total nucleic acid content of the cell must involve a significant amount of work, for which a significant amount of sugar may be needed.
The mitogenic action of oestrone The influence of oestrone on cell division is more complex and more difficult to analyse than that of sugar. However, the actions of the two substances are un¬ doubtedly linked for it is known that oestrogenic hormones mobilize the sugar and glycogen of the body and distribute them to the tissues. This is seen, following injections of these hormones, in a rise in the blood-sugar level [Janes & Nelson, 1940] , in the dilatation of the capillaries of the skin [Reynolds, 1941] and uterus [Williams, 1948] , in an increase in the permeability of the capillary walls [Hechter, Krohn & Harris, 1942] , and in the deposition of glycogen in the vaginal and uterine epithelia [Robertson, Maddux & Allen, 1930] . It thus appears that part of the mitogenic action of oestrone is due to the induction of hyperglycaemia in the blood and in the tissues.
However, it is also evident from the present results that oestrone does more than this. Any mitogenic action which was due solely to hyperglycaemia could act only on the earliest stage of division to increase the numbers of mitoses, whereas in fact its influence is felt throughout the whole process of division which is thereby greatly accelerated. Further, it appears probable from previous work [Bullough, 19496] that any mobilization of sugar within the body could not cause an increase in epidermal mitotic activity over and above that induced by an optimum dose of starch, whereas in fact the reaction of the cells to the mitogenic actions of starch and oestrone is the sum of their reactions to those two substances when injected separately.
It is also important to recall the response of the germinal epithelium of the ovary when it is bathed in a concentrated solution of oestrone [Bullough, 1943] . The cells react by a great burst of mitotic activity which cannot be induced by injections of oestrone into the blood. In these circumstances it is clear that oestrone is exerting a mitogenic action directly on the cells. The general conclusion seems therefore inescapable that starch and oestrone stimulate mitosis in different ways, although it is also evident that the oestrogenic hormones mobilize sugar to assist them in their action.
No information is yet available regarding the influence of androgenic hormones on the mitosis rate of tissues which are unconnected with the sex function. However, it is already clear that in a male, which lacks the influence of a high concentration of oestrogen, an epidermal cell division normally takes at least as long to complete as
